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(54) PROPYLENE POLYMER COMPOSITION AND THERMOFORMED OBJECT

(57) The present invention is to provide a propylene
polymer composition capable of producing heat molded
products having excellent glance between rigidity and
impact resistance and to provide heat molded products
produced from the composition, such as films and
pipes. The propylene polymer composition comprises
10 to 90 % by weight of a propylene polymer (A) and 90
to 10 % by weight of a propylene polymer (B). The pro-
pylene polymer (A) has MFRp (measured at 230 °C
under a load of 2.16 kg) of 0.001 to 8 g/10 min, Tm
(measured by a differential scanning calorimeter) of
95 to 145 °C and a density (dy) of 885 to 905
kg/m®, and in this polymer, the content of constitu-
ent units derived from an a-olefin of 4 to 20 carbon
atoms is in the range of 1.5 to 11 % by mol. The propyl-
ene polymer (B) has MFRg (measured at 230 °C under
a load of 2.16 kg) of 0.1 to 600 g/10 min, Tm (measured
by a differential scanning calorimeter) of 145 to 170 °C,
a density (dg) of 905 to 916 kg/m3, and in this polymer,
the content of constituent units derived from an a-olefin
of 4 to 20 carbon atoms is in the range of 0 to 2 % by
mol. The MFR, and the MFRg satisfy the relation
0.1 < log(MFR g/MFR ,) < 6.1, and the d and the dg
satisfy the relation 2 sdg-d, <31.
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Description
TECHNICAL FIELD

The present invention relates to propylene polymer compositions and heat molded products. More particularly, the
invention relates to propylene polymer compositions from which heat molded products having good balance between
rigidity and impact resistance are obtainable and relates to heat molded products obtainable from the compositions.

BACKGROUND ART

Because of its excellent rigidity, heat resistance and impact resistance, polypropylene is molded by various molding
processes and used in many fields. The properties required for the polypropylene differ from each other according to
the molding process or the use of the polypropylene. For example, when the Polypropylene is used as a material of sew-
age pipe, potable water pipe or gas pipe, excellent pipe fatigue properties, mechanical strength and moldability are
required for the polypropylene. Recently, there has been a growing demand for improvement in rigidity for the purpose
of increasing economical efficiency by for example thinning the pipe wall, and there has been a growing demand for
improvement in moldability for the purpose of decreasing electric power consumption. When the polypropylene is used
as a material of films, impact resistance is required and also transparency is occasionally required for the polypropyl-
ene.

The present inventors have studied propylene polymer compositions capable of producing heat molded products,
particutarly pipes and films, having excellent mechanical strength, and as a result they have found that heat moided
products having excellent mechanical strength can be obtained from a composition comprising a propylene polymer of
lower density which has a specific melt flow rate and a specific temperature at the maximum peak position of an endo-
thermic curve measured by a differential scanning calorimeter and a propylene polymer of higher density which has a
specific melt flow rate and a specific temperature at the maximum peak position of an endothermic curve measured by
a differential scanning calorimeter and that pipes and films obtained from the composition particularly have excellent
properties. Based on the finding, the present invention has been accomplished. ’

DISCLOSURE OF THE INVENTION
The propylene polymer composition according to the present invention is a composition comprising:
(A) a propylene polymer in an amount of 10 to 90 % by weight, said polymer having the following properties:

(1) the melt flow rate, as measured at 230 °C under a load of 2.16 kg, is in the range of 0.001 to 8 g/10 min,
(2) the temperature at the maximum peak position of an endothermic curve of said polymer measured by a dit-
ferential scanning calorimeter (DSC) is in the range of 95 to 145°C, (3) the density is in the range of 885 to 905
kg/m?, and

(4) the content of constituent units derived from an a-olefin of 4 to 20 carbon atoms is in the range of 1.5t0 11-
% by mol; and ’

(B) a propylene polymer in an amount of 30 to 10 % by weight, said polymer having the following properties:

(1) the melt flow rate, as measured at 230 °C under a load of 2.16 kg, is in the range of 0.1 to 600 g/10 min,
(2) the temperature at the maximum peak position of an endothermic curve of said polymer measured by a dif-
ferential scanning calorimeter is in the range of 145 to 170 °C,

(3) the density is in the range of 905 to 916 kg/m®, and

(4) the content of constituent units derived from an a-olefin of 4 to 20 carbon atoms is in the range of 0 to 2 %
by mol;

wherein (1) the melt tlow rate (MFR, (9/10 min)) of the propylene polymer (A) and the melt flow rate (MFRg
(g/10 min)) of the propylene polymer (B) satisfy the following relation

0.1 < log(MFR g/MFR ) < 6.1,

and
(2) the density (d {(kg/m?3)) of the propylene polymer (A) and the density (dg (kg/m3)) of the propylene polymer
(B) satisfy the following relation
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2<dgd, s31.

A heat molded product obtained by heat molding the propylene polymer composition has excellent rigidity.
When a pipe is produced from the propylene polymer composition, the composition preferably has the following

properties:

(1) the melt flow rate, as measured at 230 °C under a load of 2.16 kg, is in the range of 0.005 to 2.0 g/10 min,

(2) the temperature at the maximum peak position of an endothermic curve of said composition measured by a dif-
ferential scanning calorimeter is in the range of 128 to 157 °C,

(3) the density is in the range of 899 to 911 kg/m®, and

(4) the flexural modulus of a pressed sheet specimen prepared from said composition at 200 °C is in the range of
800 to 1,900 MPa.

If the propylene palymer composition is heat molded into a pipe, the pipe has excellent rigidity and creep resist-

ance.

When a film is produced from the propylene polymer composition, the composition preferably has the following

properties:

(1) the melt flow rate, as measured at 230 °C under a load of 2.16 kg. is in the range of 4 to 25 g/10 min,

(2) the temperature at the maximum peak position of an endothermic curve of said composition measured by a dif-
ferential scanning calorimeter is in the range of 128 to 157 °C,

(3) the density is in the range of 899 to 911 kg/m3. and

(4) the flexural modulus of a pressed sheet specimen prepared from said composition at 200 °C is in the range of
800 to 1,900 MPa.

If the propylene polymer composition is heat molded into a film, the film has excellent rigidiiy. transparency and

impact resistance.

In the present invention, the propylene polymer (A) and the propylene polymer (B) are preferably those prepared

by the use of a metallocene catalyst.

BEST MODE FOR CARRYING OUT THE INVENTION

The propylene polymer composition according to the invention and the heat molded products obtained from the

composition are described in detail hereinafter.

The propylene polymer composition of the invention is a composition comprising the following propylene polymer

(A) and the following propylene polymer (B).

4.

4.

The propylene polymer (A) for forming the propylene polymer composition satisfies the following requisites (1) to

(1) The melt flow rate (MFR), as measured at 230 °C under a load of 2.16 kg, is in the range of usually 0.001 to 8
@/10 min, preferably 0.005 to 6 g/10 min.

(2) The temperature (Tm), as measured by a differential scanning calorimeter (DSC), is in the range of usually 95
to 145 °C, preferably 100 to 140 °C.

(3) The density is in the range of usually 885 to 905 kg/m?, preferably 887 to 903 kg/m°®.

(4) The content of constituent units derived from an «-olefin of 4 to 20 carbon atoms is in the range of usually 1.5
to 11 % by mol, preferably 2 to 10 % by mol. Examples of the a-olefins of 4 to 20 carbon atoms include 1-butene,
1-pentene, 1-hexene, 4-methyl-1-pentene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octa-
decene and 1-eicosene. As the a-olefin, an a-olefin of 4 to 10 carbon atoms is preferable.

The propylene polymer (B) for forming the propylene polymer composition satisfies the following requisites (1) to

(1) The melt flow rate (MFR), as measured at 230 °C under a load of 2.16 kg, is in the range of usually 0.1 to 600
@/10 min, preferably 0.3 to 500 g/10 min.

(2) The temperature (Tm), as measured by a differential scanning calorimeter (DSC), is in the range of usually 145
to 170 °C, preferably 147 to 168 °C.

(3) The density is in the range of usually 905 to 916 kg/m?, preferably 906 to 915 kg/m®.

(4) The content of constituent units derived from an a-olefin of 4 to 20 carbon atoms is in the range of usually 0 to
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2 % by mol, preferably 0 to 1 % by mol. As the a-olefin, an a-olefin of 4 to 10 carbon atoms is preferable.

The propylene polymer (A) and the propylene polymer (B) can be prepared by various processes. For example,
they can be prepared using either a titanium catalyst formed from a solid titanium catalyst component and an organo-
metallic compound catalyst component, a high-activity titanium catalyst formed from these components and an electron
donor, or a metallocene catalyst formed from a metallocene compound and aluminoxane or the like. In the present
invention, the propylene polymer (A) and the propylene polymer (B) are preferably those prepared by the use of a met-
allocene compound, particularly preferably those prepared by the use of the following metallocene catalyst.

The metallocene catalyst preferably used for preparing the propylene polymer (A) and the propylene polymer (B)
for use in the invention comprises a metalilocene compound of a transition metal selected from Group 4 of the Periodic
table, and an organoaluminum oxy-compound and/or an ionizing ionic compound.

The metallocene compound of a transition metal selected from Group 4 of the periodic table, that is used for form-
ing the metallocene catalyst, is specifically represented by the following formula (1).

ML, m

In the above formula, M’ is a transition metal selected from Group 4 of the periodic table, specifically zirconium,
titanium or hafnium. x is a valence of the transition metal M and denotes the number of ligands L coordinated to the
transition metal.

L' is a ligand coordinated to the transition metal, and at least one ligand L' is aligand having cyclopentadieny! skel-
eton, such as a cyclopentadienyl group, an indenyl group, a 4,5,6,7-tetrahydroindenyl group or a fluorenyl group. The
ligand having cyclopentadienyl skeleton may have substituents such as alkyl groups, cycloalkyl groups, aryl groups
(e.g., phenyl and naphthyl), trialkylsilyl groups and halogen atoms.

When the metallocene compound has two or more groups having cyclopentadienyi skeleton as the ligands L1, two
of them are desirably bonded through a bonding group such as an alkylene group, a substituted alkylene group, a
silylene group or a substituted silylene group.

L' other than the ligand having cyclopentadienyl skeleton is, for example, a hydrocarbon group of 1 to 12 carbon
atoms, an alkoxy group, an aryloxy group, a sulfonic acid-containing group (-SO3R® wherein R® is an alkyl group, an
alkyl group substituted with a halogen atom, an aryl group, an aryl group substituted with a halogen atom, or an aryl
group substituted with an alkyl group), a halogen atom or a hydrogen atom.

Examples of the metallocene compounds having zirconium as M* and containing two ligands having cyclopentadi-
enyl skeleton are given below.

Ethylene-bis (indenyl)dimethylzirconium,

Ethylene-bis(indenyl)zirconium dichloride,

Isopropylidene {cyclopentadienyl-fluorenyl) zirconium dichloride,
Diphenylsilylene-bis(indenyl)zirconium dichloride,
Methylphenylsilylene-bis(indenyl)zirconium dichloride,
rac-Ethylene-bis(2-methyl-1-indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis(2-methyl-1-indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis(4,7-dimethyl-1-indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis(2,4,7-trimethyl-1-indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis(2,4,6-trimethyl-1-indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis(4-phenyl-1-indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis(2-methyi-4-phenyl-1-indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis(2-methyl-4-(a-naphthyl)- 1-indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis(2-methyl-4-(B-naphthyl)- 1-indenyl)zirconium dichloride, and
rac-Dimethylsilylene-bis(2-methyl-4-(1-anthryl)- 1-indenyl)zirconium dichloride.

There can be also exemplified metallocene compounds wherein zirconium is replaced with titanium or hafnium in
the above-mentioned compounds.

In the present invention, also employable as the metallocene compound is a transition metal compound repre-
sented by the following formula (Il):
L2M2X, )

wherein M2 is a metal of Group 4 or lanthanum series of the periodic table,
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L? is a derivative of a delocalised n-bond group and imparts a restraint geometric shape to the active site of the
metal M2, and

each X is the same or different and is a hydrogen atom, a halogen atom, or a hydrocarbon group, a silyl group or a
germyl group having 20 or less carbon atoms, silicon atoms or germanium atoms.

Of the compounds represented by the formula (ll), a transition metal compound represented by the following for-
mula (lll) is preferable.

LN
~

X2 (II1)

In the above formula, M? is titanium, zirconium or hafnium, and X is the same as above.

Cp is a substituted cyclopentadieny! group n-bonded to M?2 and having a substituent Z.

Z is oxygen, sulfur, boron or an element of Group 14 of the periodic table (e.qg.. silicon, germanium or tin).

Y s a ligand containing nitrogen, phosphorus, oxygen or sulfur.

Z and Y may together form a condensed ring.

Examples of the compounds represented by the formula (Ill) include (dimethyl{t-butylamido)(tetramethyl-nS-
cyclopentadienyl)silane)titanium dichloride and ((t-butylamido)(teh'amethylms-cyclopentadienyl)-1 .2-ethanediyl)tita-
nium dichloride.

The metallocene compounds mentioned above can be used singly or in combination of two or more kinds.

The metallocene compounds can be used by supporting them on particulate carriers.

Examples of the particulate carmriers employable in the invention include inorganic carriers, such as SiO,, Al,O3,
B203, MgO, ZrO,, Cal, TiO,, ZnO, SnO,, BaO and ThO; and organic carriers, such as polyethylene, polypropylene,
poly-1-butene, poly-4-methyl-1-pentene and a styrene/divinylbenzene copolymer. These particulate carriers can be
used singly or in combination of two or more kinds.

Next, the organoaluminum oxy-compound and the ionizing ionic compound used for forming the metallocene cat-
alyst are described.

The organoaluminum oxy-compound may be conventional aluminoxane or such a benzene-inscluble organoalumi-
num oxy-compound as exemplified in Japanese Patent Laid-Open Publication No. 78687/1990.

The organcaluminum oxy-compound may contain a small amount of an organic compound component of a metal
other than aluminum. -

Examples of the ionizing ionic compounds include Lewis acids, ionic compounds, borane compounds and carbo-
rane compounds. -

The Lewis acids are, for example, a compound represented by the formula BR3 (R is a phenyl group which may
have a substituent such as fluorine, methy! or trifluoromethyl, or a fluorine atom). Examples of such compounds include
trifluoroboron, triphenylboron, tris(4-fluorophenyl)boron, tris(3,5-difluorophenyi}boron, tris(4-flucromethylphenyl)boron,
tris(pentafluorophenyl)boron, tris(p-tolyl)boron, tris(o-tolyl)boron and tris(3,5-dimethylphenyl)boron.

Examples of the ionic compounds include trialkyi-substituted ammonium salts, N,N,-dialkylanilinium salts, dialky-
lammonium salts and triarylphosphonium salts. Particular examples of the trialkyl-substituted ammonium salts include
triethylammoniumtetra{phenyl)boron, tripropylammoniumtetra(phenyl)boron and tri(n-butyl)Jammoniumtetra(phe-
nyl)boron. Particular examples of the dialkylammonium salts include di(1-propyl)Jammoniumtetra(pentafiuorophe-
nyl)boron and dicyclochexylammoniumtetra(phenyl)boron. Further, triphenylcarbeniumtetrakis(pentafluorophenyt)-
borate, N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate and ferroceniumtetra{pentafiuorophenyl)borate are
also available as the ionic compounds.

Examples of the borane compounds include decaborane(14), bis[tri(n-butyl)ammonium]nonaborate, bisjtri(n-
butyl)ammonium]decaborate, and salts of metallic borane anions such as bisftri(n-butyl)Jammonium]bis(dodecahydrido-
dodecaborate)-nickelate(lll).

Examples of the carborane compounds include 4-carbanonaborane (14), 1,3-dicarbanonaborane (13), and salts of
metallic carborane anions such as bis[tri{n-butyl)ammonium]bis(undecahydrido-7-carbaundecaborate)nickelate(iV).

The ionizing ionic compounds mentioned above can be used singly or in combination of two or more kinds.
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The organoaluminum oxy-compounds or the ionizing ionic compounds can be used by supporting them on the
aforesaid particulate carriers.

In the preparation of the catalyst, the following organoaluminum compound may be used together with the orga-
noaluminum oxy-compound or the ionizing ionic compound.

As the organoaluminum compound, a compound having at least one Al-carbon bond in the molecule is employable.
Such a compound is, for example, an organoaluminum compound represented by the following formula:

(R)MAO(R?),H Xy

wherein R! and R? may be the same or different and are each a hydrocarbon group of usually 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms; X is a halogen atom; and m, n, p and q are numbers satisfying the conditions of 0<m<3,
0<n<3, 0<p<3, 0<q<B and M+n+p+q=3.

The propylene polymer (A) can be prepared by copolymerizing propylene and a small amount of an a-olefin of 4 to
20 carbon atoms in the presence of the above-described metallocene catalyst, in accordance with a conventional proc-
ess. The propylene polymer (B) can be prepared by homopolymerizing propylene or copolymerizing propylene and a
small amount of an a-clefin of 4 to 20 carbon atoms in the presence of the above-described metallocene catalyst, in
accordance with a conventional process.

If the propylene polymer (A) and the propylene polymer (B) are polymers prepared by the use of the metallocene
compound, the content of the low-molecular weight component in the polymers is low. Therefore, the propylene polymer
composition is almost free from burning in the heat molding process, and the resulting heat molded product hardly
develops odor. Moreover, because the crystalline thickness becomes uniform, the heat molded product is excellent in
impact resistance such as film impact and in creep resistance.

The propylene polymer composition comprises the propylene polymer (A) in an amount of 10 to 90 % by weight,
preferably 20 to 80 % by weight, and the propylene polymer (B) in an amount of 80 to 10 % by weight, preferably 80 to
20 % by weight, and in this propylene Polymer composition,

(1) the melt flow rate (MFR, (g/10 min)) of the propylene polymer (A) and the melt flow rate (MFRg (g/10 min)) of
the propylene polymer (B) satisfy the following relation

0.1 < log(MFR g/FR )< 6.1,
Preferably
0.2 < log(MFR g/MFR ,)< 5.7;

and
(2) the density (da (kg/m®)) of the propylene polymer (A) and the density (dg (kg/m?)) of the propylene polymer (B)
satisty the following relation

2<dg-dy <31,
preferably
4<dg-d, <28

To the propylene polymer composition, additives, such as weathering stabilizers, heat stabilizers, antistatic agents,
anti-slip agents, anti-blocking agents, anti-fogging agents, lubricants, pigments, dyes, nucleating agents, plasticizers,
anti-aging agents, hydrochloric acid absorbents and antioxidants, may be optionally added so long as they are not det-
rimental to the objects of the invention.

The propylene polymer composition can be prepared by a conventionally known process. For example, the propyl-
ene polymer composition can be prepared by producing the propylene polymer (A) and the propylene polymer (B) in
two or more stages under different reaction conditions using one polymerization reactor. Specifically, the propylene pol-
ymer composition can be prepared by a two-stage polymerization process wherein the propylene polymer (A) is pro-
duced in the first stage and the propylene polymer (B) is produced in the second stage, or the propylene polymer (B) is
produced in the first stage and the propylene polymer (A) is produced in the second stage.

The propylene polymer composition may also be prepared by the use of plural polymerization reactors. In this case,
the propylene polymer (A) is produced in one polymerization reactor and the propylene polymer (B) is then produced in
another polymerization reactor in the presence of the propylene polymer (A), or the propylene polymer (B) is produced
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in one polymerization reactor and the propylene polymer (A) is then produced in another polymerization reactor in the
presence of the propylene polymer (B).
The following processes are also available.

(1) The propylene polymer (A), the propylene polymer (B) and other components optionally used are mechanically
blended by the use of, for example, an extruder or a kneader.

(2) The propylene polymer (A), the propylene polymer (B) and other components optionally used are dissolved in
an appropriate good solvent (e.g.. hydrocarbon solvents such as hexane, heptane, decane, cyclohexane, benzene,
toluene and xylene), and then the solvent is removed from the resulting solution.

(3) The propylene polymer (A), the propylene polymer (B) and other components optionally used are each dis-
solved separately in an appropriate good solvent to prepare solutions, then the solutions are mixed, and the sol-
vents are removed from the mixture.

(4) The above processes (1) to (3) are appropriately combined.

The propylene polymer composition of the invention is subjected to various heat molding processes, such as blow
molding, vacuum-pressure forming, calendering, inflation molding, cast molding, extrusion molding, foam molding,
stretched film molding and injection molding, whereby heat molded products are obtained.

The propylene polymer composition of the invention has excellent moldability.

When a pipe is produced from the propylene polymer composition, the composition preferably has the following
properties:

(1) the melt flow rate, as measured at 230 °C under a load of 2.16 kg, is in the range of 0.005 to 2.0 g/10 min, pref-
erably 0.01 to 1.5 ¢/10 min,

(2) the temperature at the maximum peak position of an endothermic curve of said composition measured by a dif-
ferential scanning calorimeter is in the range of 128 to 157 °C, preferably 130 to 155 °C,

(3) the density is in the range of 899 to 911 kg/m®, preferably 00 to 910 kg/m3, and

(4) the flexural modulus of a pressed sheet specimen prepared from said composition at 200 °C is in the range of
800 to 1,900 MPa, preferably 900 to 1,800 MPa.

The propylene polymer composition having the above properties shows excellent moldability into pipe, and the
obtained pipe has excellent rigidity and creep resistance.

The above-mentioned propylene polymer composition can be prepared by, for example, melt kneading 30 to 70
parts by weight of the propylene polymer (A} having MFR (measured at 230 °C under a load of 2.16 kg) of 0.05 to 0.1
g/10 min, Tm (measured by DSC) of 105 to 115 °C, a density of 885 to 895 kg/m? and a C4.pp a-clefin constituent unit
content of 2 to 8 % by mol and 70 to 30 parts by weight of the propyiene polymer (B) having MFR {measured at 230 °C
under a load of 2.16 kg) of 0.1 t0 0.8 g/10 min, Tm (measured by DSC) of 150 to 160 °C, a density of 905 to 915 kg/m?
and a C4-59 a-olefin constituent unit content of 0 to 1.0 % by mol, by means of an extruder.

The propylene polymer composition can also be prepared by a two-stage polymerization process, wherein the first
stage is carried out to produce the propylene polymer (A) having MFR (measured at 230 °C under a load of 2.16 kg) of
0.002 to 0.02 g/10 min, Tm (measured by DSC) of 105 to 140 °C, a density of 885 to 904 kg/m? and a C,.5o a-olefin
constituent unit content of 2 to 8 % by mol and the second Stage is carried out to produce the propytene polymer (B)
having MFR (measured at 230 °C under a load of 2.16 kg) of 10 to 120 g/10 min, Tm (measured by DSC) of 145 to 165
°C, a density of 906 to 920 kg/m? and a Cy4.2q a-olefin constituent unit content of 0 to 1.5 % by mol in such a manner
that the propylene polymer (A) amounts to 30 to 70 % by weight and the propylene polymer (B) amounts to 70 to 30 %
by weight, respectively, in the resulting composition.

When a film is formed from the propylene polymer composition, the composition preferably has the following prop-
erties:

(1) the melt flow rate, as measured at 230 °C under a load of 2.16 kg, is in the range of 4 to 25 g/10 min, preferably
5to 20 g/10 min,

(2) the temperature at the maximum peak position of an endothermic curve of said composition measured by a dif-
ferential scanning calorimeter is in the range of 128 to 157 °C, preferably 130 to 155 °C,

(3) the density is in the range of 899 to 911 ka/m?®, preferably 900 to 910 kg/m®, and

(4) the flexural modulus of a pressed sheet specimen prepared from said composition at 200 °C is in the range of
800 to 1,900 MPa, preferably 900 to 1,800 MPa.

The propylene polymer composition having the above properties shows excellent moldability into film, and the
obtained film has excellent transparency and impact resistance.
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The above-mentioned propylene polymer composition can be prepared by, for example, melt kneading 30 to 70
parts by weight of the propylene polymer (A) having MFR (measured at 230 °C under a load of 2.16 kg) of 4 to 7 g/10
min, Tm (measured by DSC) of 105 to 115 °C, a density of 888 to 895 kg/m? and a Ca.2¢ a-olefin constituent unit con-
tent of 2 to 8 % by mo! and 30 to 70 parts by weight of the propylene polymer (B) having MFR (measured at 230 °C
under a load of 2.16 kg) of 10 to 20 g/10 min, Tm (measured by DSC) of 150 to 160 °C, a density of 905 to 915 kg/m2
and a C4 5 a-olefin constituent unit content of 0 to 1.0 % by mol, by means of an extruder.

The propylene polymer composition can also be prepared by a two-stage polymerization process, wherein the first
stage is carried out to produce the propylene polymer (A) having MFR (measured at 230 °C under a load of 216 kg) of
0.01 to 2.0 g/10 min, Tm (measured by DSC) of 105 to 140 °C, a density of 885 to 904 kglm2 and a Cy4.5g a-olefin con-
stituent unit content of 2 to 8 % by mol and the second stage is carried out to produce the propytene polymer (B) having
MFR (measured at 230 °C under a load of 2.16 kg) of 100 to 550 g/10 min, Tm (measured by DSC) of 145 to 170 °C,
a density of 806 to 920 kg/m? and a C4.29 a-olefin constituent unit content of 0 to 1.0 % by mol in such a manner that
the propylene polymer (A) amounts to 30 to 70 % by weight and the propylene polymer (B) amounts to 70 to 30 % by
weight, respectively, in the resulting composition.

In order to produce a pipe from the propylene polymer composition, an ordinary extrusion molding process can be
adopted. The pipe produced by the process has excellent creep resistance.

In order to produce a film from the propylene polymer composition, a conventionally known molding process, such
as casting or melt extrusion, can be adopted. The film produced by the process has excellent transparency and impact
resistance.

EFFECT OF THE INVENTION

From the propylene polymer composition of the invention, heat molded products having excellent mechanical
strength can be produced. Further, the propylene polymer composition has excellent moldability into pipe, and the
obtained pipe has excellent rigidity and creep resistance. The film produced from the propylene polymer composition of
the invention has excellent transparency and impact resistance.

EXAMPLE

The present invention is further described with reference to the following examples, but it should be construed that
the invention is in no way limited to those examples.
Properties ot the compositions and the moided products in the examples were measured in the following manner.

It flow F|
The melt flow rate was measured at 230 °C under a load of 2.16 kg in éccordance with ASTM D1238-65T.
Melti int (Trm)
Using a differential scanning calorimeter (DSC), a sample of 5§ mg was completely melted at 200 °C, cooled at a

rate of 10 °C/min and then heated at a rate of 10 °C/min to detect an endothermic peak, and the temperature at the
position of the endothemic peak was taken as a melting point.

Density

A strand containing no bubbles, which was obtained by the MFR measurement, was cut to give a specimen having
a length of about 1 cm, and the specimen was introduced into a density gradient tube to measure the density.

a-Olefin content

In a sample tube having a diameter of 10 mm, about 200 mg of a sampie was homogeneously dissolved in 1 ml of
hexachlorobutadiene, and a '3C-NMR spectrum of the solution was measured under the conditions of a measuring
temperature of 120 °C, a measuring frequency of 25.05 MHz, a spectral width of 1,500 MHs, a pulse repetition time of
4.2 sec and a pulse width of 6 usec to determine the a-olefin content.

Flexural modulus (FM)

A FM test specimen was punched out from a pressed sheet having a thickness of 2 mm produced at 230 °C and
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was subjected to a FM test under the conditions of a temperature of 23 °C, a span of 32 mm and a flexural rate of 5
mnVmin in accordance with ASTM D790 to determine the flexural modulus.

Creep resistance

In accordance with JIS K6762, a pipe having a length of 50 cm after 48 hours or more since molding was provided
with closures at the both ends and was immersed in a water bath at 80 °C. Then, nitrogen was blown into the pipe to
make a hoop stress be 6 MPa and to maintain the internal pressure constant. The period of time at the end of which the
pipe was broken was measured to evaluate the creep resistance.

Transparency (haze)

The transparency was measured in accordance with ASTM D1003.
Film impact

The film impact was measured by a pendulum fitm impact tester manutactured by Toyo Seiki Seisakusho.

Example 1

Two-stage polymerization was carried out in accordance with a conventional process using a metallocene catalyst.
That is, a propylene/octene copolymer (A-1) having properties shown in Table 1 was prepared in the first stage and a
propylene homopolymer (B-1) having properties shown in Table 2 was prepared in the second stage, to obtain a pro-
pylene polymer composition (C-1) having a (A-1)/(B-1) weight ratio of 47/53 and having properties shown in Table 3. To
100 parts by weight of the propylene polymer compasition (C-1), 0.4 part by weight of 1,3,5-trimethyl-2,4,6-tris(3,5-di-
t-butyl-4-hydroxyphenyl)benzylbenzene, 0.2 part by weight of tetrakis[methylene-3-(3,5-di-t-butyl-4-hydroxyphenyl)pro-
pionate]methane, 0.2 part by weight of n-octadecyl-3-(4'-hydroxy-3',5™-di-t-butylphenyl)propionate, 0.15 part by weight
of 2,4-di-t-butylphenyl-3.5-di-t-butyi-4-hydroxybenzoate and 0.1 part by weight of calcium stearate were added. The
resulting mixture was melt kneaded at 230 °C by a single-screw extruder to obtain peliets. The pellets were subjected
to extrusion molding at 260 °C to produce a pipe having an outer diameter of 60 mm and an inner diameter of 5.5 mm.
The propylene polymer composition (C-1) had excellent moldability into pipe. The creep resistance of the obtained pipe
is set forth in Table 3.

Example 2

Two-stage polymerization was carried out in accordance with a conventional process using a metallocene catalyst.
That is, a propylene/octene copolymer (A-2) having properties shown in Table 1 was prepared in the first stage and a
propylene homopolymer (B-2) having properties shown in Table 2 was prepared in the second stage, to obtain a pro-
pylene polymer composition (C-2) having a (A-2)/(B-2) weight ratio of 47/53 and having properties shown in Table 3.
Using the propylene polymer composition (C-2), a pipe was produced in the same manner as in Example 1. The pro-
pylene polymer composition {C-2) had excellent moldability into pipe. The creep resistance of the obtained pipe is set
forth in Table 3.

Example 3

To 100 parts by weight of a propylene polymer composition (C-3) which had properties shown in Table 3 and which
consisted of 69 % by weight of a propylene/octene copolymer (A-3) prepared by a conventional process using a metal-
locene catalyst and having properties shown in Table 1 and 31 % by weight of a propylene homopolymer (B-3) prepared
by a conventional process using a metaliocene catalyst and having properties shown in Tabfe 2, 0.4 part by weight of
1,3,5-trimethyl-2,4,6-tris(3,5-di-t-butyl-4-hydroxyphenyl)benzylbenzene, 0.2 part by weight of tetrakis[methylene-3-(3,5-
di-t-butyl-4-hydroxyphenyl)propionatejmethane, 0.2 part by weight of n-octadecyl-3-(4™-hydroxy-3',5,-di-t-butylphe-
nyl)propionate, 0.15 part by weight of 2,4-di-t-butylphenyl-3,5-di-t-butyl-4-hydroxybenzoate and 0.1 part by weight of
calcium stearate were added. The resulting mixture was melt kneaded at 230 °C by a single-screw extruder to obtain
pellets. The pellets were subjected to extrusion molding at 260 °C to produce a pipe. The propylene polymer composi-
tion (C-3) had excellent moldability into pipe. The creep resistance of the obtained pipe is set forth in Table 3.
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Example 4

Two-stage polymerization was carried out in accordance with a conventional process using a metallocene catalyst.
That is, a propylene/octene copolymer (A-4) having properties shown in Table 1 was prepared in the first stage and a
propylene homopolymer (B-4) having properties shown in Table 2 was prepared in the second stage, to obtain a pro-
pylene polymer composition (C-4) having a (A-4)/(B-4) weight ratio of 60/40 and having properties shown in Table 3. To
100 parts by weight of the propylene polymer composition (C-4), 0.06 part by weight of tetrakis[methylene-3-(3, 5-di-t-
butyl-4-hydroxychenyl)propionatelmethane, 0.06 part by weight of tris-mono/dinonylphenyl phosphite, 0.05 part by
weight of calcium stearate, 0.1 part by weight of erucylamide and 0.15 part by weight of silica were added. The resulting
mixture was melt kneaded at 230 °C by a single-screw extruder to obtain pellets. The pellets were subjected to cast film
molding at 260 °C to produce a film having a thickness of 50 um. The propylene polymer composition (C-4) had excel-
lent moldability into film. The transparency and film impact strength of the obtained film and the flexural modulus of the
pressed sheet are set forth in Table 3.

Example 5

To 100 parts by weight of a propylene polymer composition (C-5) which had properties shown in Table 3 and which
consisted of 49 % by weight of a propylene/octene copolymer (A-5) prepared by a conventional process using a metal-
locene catalyst and having properties shown in Table 1 and 51 % by weight of a propylene homopolymer (B-5) prepared
by a conventional process using a metallocene catalyst and having properties shown in Table 2, 0.06 part by weight of
tetrakis[methylene-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]methane, 0.06 part by weight of tris-mono/dinonyiphe-
nyl phosphite, 0.05 part by weight of calcium stearate, 0.1 part by weight of erucylamide and 0.15 part by weight of silica
were added. The resulting mixture was melt kneaded at 230 °C by a twin-screw extruder to obtain pellets. The pellets
were subjected to cast film molding at 260 °C to produce a film having a thickness of 50 ym. The propylene polymer
composition (C-5) had exceflent moldability into film. The transparency and film impact strength of the obtained film and
the flexural modulus of the pressed sheet are set forth in Table 3.

X | -

Pellets of propylene polymer compositions were prepared in the same manner as in Example 5, except for using
propytene polymer compositions each of which consisted of a propylene/octene copolymer prepared by a conventional
process using a metallocene catalyst and having properties shown in Table 1 and a propylene homopolymer prepared
by a conventional process using a metallocene catalyst and having properties shown in Table 2 and each of which had
a component ratio and properties shown in Table 3. The pellets were subjected to cast film molding at 260 °C to produce
films having a thickness of 50 um. All of the propylene polymer compositions had excellent moldability into film. The
transparency and film impact strength of the obtained films and the flexural modulus of the pressed sheets are set forth
in Table 3.

10
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Table 1
Propylene Polymer (A)
A-1 A-2 A-3 A~4 A-S
MFR 0.01 0.02 0.01 1.0 0.8

{g/10 Min)

T™ (°C) 130 130 132 128 131

Density 900 900 900 898 S00
{kg/m3)

. Octene | Octene | Octene | Octene | Octene
@-olefin 4.2 2.6 4.3 4.5 4.2
content
L(mol %)

Table 1 (Continued)
PropylenejPolymer _{(A)
a-6 A-7 A-8 A-9
MFR 0.5 0.2 0.09 2.0

(g/10 Min)
™ (°C) 127 128 130 127
Density 898 898 900 899
(kg/m3)

- : Octene { Octene Octene Octene
a-olefin 5.0 5.3 2.3 5.1
content
(mol %)

1
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Table 2

12

Propylene Polvmer (B)
B-1 B-2 - B-3 B-4 B-5
MFR 10 20 50 100 iS50
(g/10 Min)
™ (°C) 160 148 165 160 165
Density 9212 906 914 912 914
gkg/m3l
Table 2 (Continued)
Propylene Polymer (B)
B-6 B-7 B-8 B-9
MFR 100 180 400 100
(g/10 Min)
™ (°C) 160 165 160 160
Density 912 915 913 912
gkg/m3)
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Table 3
Examples
1 2 3 4 5
Propylene polymer
| composition c-1 c-2 c-3 c-4 c-S
A/B weight ratio 47/53}1 47/531 69/31} 60/40 49/51
MFR (g/l10 min) 0.1 0.2 0.1 8.0 8.1
T (°C) 145 137 140 146 148
Density (kg/m3) 906 903 904 906 907
| Llog (MFRp/MFRa) 3 3 3.7 2 2.3
da-dg 12 6 14 14 14
Pressed sheet
FM (MPa) 1450 t 1150 | 1260 1450 1540
Pipe Creep
Resistance © © © - -
Film Haze (%) - - - 3.5 4.0
Film imapct
{kJ/m) = - - _25 27

- : not measured

13




10

15

20

25

30

40

50

EP 0 889 089 A1

Table 3 (Continued)

les
(3 7 8 9
Propylene polymer
composition cC-6 Cc-7 c-8 c-9
A/B weight ratio 64/36| 67/33]1 65/35| 52/48
MFR (g/10 min) 6.8 7.2 5.5 8.5
Tm (°C) 140 141 142 147
Density (kg/m3) 903 904 905 906
log (MFRp/MFR,) 2.3 3.0 3.6 1.7
da-dp 14 17 13 13
Pressed sheet
M (MPa) 1200 1240 1380 1470
Pipe Creep - - - -
Resistance
Film Haze (%) 3.2 4.5 5.2 4.3
Film imapct
(kJ/m) 28 28 30 23

- : not measured

Claims

1.

A propylene polymer composition comprising:
{(A) a propylene polymer in an amount of 10 to 90 % by weight, said polymer having the following properties:

(1) the melt flow rate, as measured at 230 °C under a load of 2.16 kg, is in the range of 0.001 to 8 g/10 min,
(2) the temperature at the maximum peak position of an endothermic curve of said polymer measured by
a differential scanning calorimeter is in the range of 95 to 145 °C,

(3) the density is in the range of 885 to 905 kg/m®, and

(4) the content of constituent units derived from an a-olefin of 4 to 20 carbon atoms is in the range of 1.5
to 11 % by mol; and

(B) a propylene polymer in an amount of 90 to 10 % by weight, said polymer having the following properties:
(1) the melt flow rate, as measured at 230 °C under a load of 2.16 kg, is in the range of 0.1 to 600 g/10 min,

(2) the temperature at the maximum peak position of an endothermic curve of said polymer measured by
a differential scanning calorimeter is in the range of 145 to 170 °C,

14
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(3) the density is in the range of 905 to 916 kg/m?, and
(4) the content of constituent units derived from an a-olefin of 4 to 20 carbon atoms is in the range of 0 to
2 % by mol;

wherein (1) the melt flow rate (MFR4 (g/10 min)) of the propylene polymer (A) and the melt flow rate
(MFRg (g/10 min)) of the propylene polymer (B) satisty the following relation

0.1 < log(MFR g/MFR ,) < 6.1,

and
(2) the density (da (ka/m)) of the propylene polymer (A) and the density (dg (kg/m®)) of the propylene
polymer (B) satisfy the following relation

2<dgd, <31.
The propylene polymer composition as claimed in claim 1, which has the following properties:

(1) the melt flow rate, as measured at 230 °C under a load of 2.16 kg, is in the range of 0.00S to 2.0 g/10 min,
(2) the temperature at the maximum peak position of an endothermic curve of said composition measured by
a differential scanning calorimeter is in the range of 128 to 157 °C,

(3) the density is in the range of 899 to 911 kg/m®, and

(4) the flexural modulus of a pressed sheet specimen prepared from said composition at 200 °C is in the range
of 800 to 1,900 MPa.

The propylene polymer composition as claimed in claim 1, which has the following properties:
(1) the melt flow rate, as measured at 230 °C under a load of 2.16 kg, is in the range of 4 to 25 g/10 min,
(2) the temperature at the maximum peak position of an endothermic curve of said composition measured by
a differential scanning calorimeter is in the range of 128 to 157 °C,
(3) the density is in the range of 899 to 911 kg/m®, and
(4) the flexural modulus of a pressed sheet specimen prepared from said composition at 200 °C is in the range
of 800 to 1,900 MPa.

The propylene polymer composition as claimed in any one of claims 1 to 3, wherein the propylene polymer (A) and
the propylene polymer (B) are prepared by the use of a metallocene catalyst.

A heat molded product obtained by heat molding the propylene polymer composition as claimed in claim 1.
A pipe obtained by heat molding the propylene polymer composition as claimed in claim 2.

A film obtained by heat molding the propylene polymer composition as claimed in claim 3.

15
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